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The presence of non-indigenous species in marine ecosystems has strongly increased during the last decades due to globalisation of trade exchanges and transports. [1] [2] [3] In this context, seaweeds have attracted much attention, [4] [5] [6] [7] [8] [9] because of the negative impacts they can have on the environment counterbalanced by the benefits they may provide to human societies. [10] [11] While a general consensus has arisen on the need to minimise these impacts and to limit them in the future, little is known about the ecological and chemical processes which trigger the proliferation of an introduced species and the impact that chemical cues may have on native species. 12 Widely distributed from tropical to temperate waters, species of the genus Asparagopsis (Rhodophyta, Bonnemaisoniaceae) are spreading worldwide, affecting several marine ecosystems. 5, 13 The genus is composed of cryptogenic populations, and it contains only two species to date: A.
armata Harvey and A. taxiformis (Delile) Trevisan de Saint-Léon. From a chemical perspective, these algae are particularly interesting due the production of a high diversity of halogenated metabolites. 14 Thoroughly studied in the 1970s, A. taxiformis produces low molecular weight halogenated compounds with one to four linear carbons, including methanes, ethenes, acetic acids, acetamides, propanols, propanones, propenes, acrylic acids, propylene oxide, propyl and propenyl acetates, butenols and butenones, [15] [16] [17] [18] [19] [20] [21] which exhibit an array of biological activities (Supporting Information). 22 To better understand the mechanisms associated with the possible proliferation of these algae, we initiated a chemical ecological study that explores the role of secondary metabolites in their interaction with native species. In the present part of the study our objectives were: i) to isolate and characterize the secondary metabolites produced by this alga; ii) to assess the ecotoxicological activities of fractions and pure compounds from this alga; iii) and to evaluate their potential as therapeutic agents due to the large biomass of algae available. Unexpectedly, the phytochemical study of specimens of A. taxiformis collected in the Indian Ocean led to the 4 isolation of two new highly brominated cyclopentenones, named mahorone (1) and 5-bromomahorone (2) . We report herein the isolation, the structure elucidation, and also the ecotoxicological as well as antiinfective and antitumor activities of these compounds.
RESULTS AND DISCUSSION
Specimens of A. taxiformis were collected off the coast of Mayotte (Indian Ocean). Samples were kept frozen, freeze-dried and ground before extraction by MeOH/CH 2 Cl 2 (1:1) and sonication. The resulting extract was then fractioned by reversed-phase (C 18 ) vacuum liquid chromatography using solvents of decreasing polarities (H 2 O, MeOH, CH 2 Cl 2 ). The chemical profile of the methanolic fraction showed a very promising UHPLC-DAD-ELSD profile, evidencing major compounds with UV profiles unknown for this alga. A succession of HPLC purification steps on this fraction resulted in the isolation of both new compounds 1 and 2.
The isotopic pattern in the (-)-HRESIMS spectrum of 1 was indicative of a pentabromoderivative with the most intense peak at m/z 506.6090, which was in accordance with a molecular 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59  60 of six carbons corresponding to the following signals: δ C 194.9 (C, C-1) assigned to a ketone function; δ C 131.8 (C, C-2) and 161.2 (C, C-3) assigned to a tetrasubstituted double bond; one saturated methylene, one saturated methine, and one deshielded and saturated quaternary carbon.
The lack of vicinal and longer range proton-proton coupling information led us to rely on HMBC correlations to assess the structure of 1 (Figure 1) . The proton signals corresponding to the C-5 AB methylene system were HMBC correlated to the other five carbons of the molecule while the proton signal of the C-6 methine was only correlated to C-3, C-4, and C-5. These data suggested that the C-5 methylene, the C-1 ketone and the C-2/C-3 unsaturation were placed within a cyclic system while the C-6 methine was expected to be exocyclic. In this case, the C-6 methine should be substituted on the resulting five-membered ring. An acyclic system would not lead to H-6/C-3 coupling while, in the case of a six-membered ring system, H-5 and C-3 would be 4 J coupled and would not exhibit an intense HMBC correlation as observed. Additionally, H-6 would be expected to couple to four carbons and, in our case, only three couplings are observed. Among the several possibilities still existing for the arrangement around this ring, the H-5a/C-6 and H5b/C-6 together with the H-6/C-5 HMBC correlations were only consistent with a substitution of the C-6 methine at the C-4 quaternary carbon, one of the positions α to the C-5 methylene.
Finally, the H-6/C-3 HMBC correlation allowed us to rule out a last possibility for the endocyclic α,β-unsaturated ketone, and the ketone was unambiguously placed at C-1, the second position α to the C-5 methylene. Among the five bromine atoms identified by HRMS, two of them were placed on the C-2/C-3 tetrasubstituted double bond, which was in agreement with the detected chemical shifts of the corresponding 13 C atoms. In order to determine whether the resulting bromines and alcohol were placed on the C-4 quaternary carbon or the C-6 methine, we first relied on a possible metabolic pathway leading to these compounds (Scheme 1). Indeed, chemical shifts modeling would not lead to any definitive conclusion on the position of the substituents at C-4 and C-6 due to close electronic effects of these substituents. The six carbons of 1 suggested that the construction of the skeleton could originate from the condensation of two brominated acetones, as these derivatives have already been reported from this alga. 15, 18, 24 The enol reactivity of the ketone would be involved, first through the connection of the second ketone partner by nucleophilic substitution, and secondly through the cyclization by an aldol-type reaction. Consequently, this hypothesis allowed us to propose the presence of the alcohol at C-4 and two bromines at C-6. In order to ascertain the position of the substituents on the cycle, we performed 13 C NMR modeling for the three possible isomers a, b and c ( Table   2 ). Data obtained for 1 fit best with theoretical values of a, even more when considering values obtained for a compound already reported in the literature with bromines at C-2 and C-3. The fifth bromine atom of the molecular formula obtained by (-)-HRESIMS was consequently have usually been observed when halide salts are added to the solvents used. [25] [26] In our case the bromide may be present in the methanolic solution just like for sodium adducts or by exchange with another molecule during the ionization process. This reactivity may originate from the absence of acidic protons in the mahorones but also because of the high polarisability of the numerous bromine atoms of the molecules. 27 In order to test this hypothesis, we decided to add salts to our samples to induce the formation of ion adducts. Positive ions were not observed by (+)-ESIMS (adding LiCl or NH 4 Cl) but when adding NH 4 Cl we observed an isotopic ion at m/z 459 in the (-)-ESIMS spectrum. The presence of this chloride adduct then confirms our assumption (Supporting Information).
Due to the low level of flexibility for mahorone (1), we anticipated that the use of electronic circular dichroism could easily lead to the determination of the absolute configuration. Even if the helicity rule proposed by Snatzke is well adapted for s-trans α,β-unsaturated ketones, 28 some recent computational studies applied to 4-substituted 2-cyclohexenones demonstrated that molecular modeling was necessary to determine the absolute configuration in these cases. 29 We consequently decided to first perform a conformational analysis of 1 in order to assess the theoretical ECD spectrum of each calculated conformer (Supporting Information). While the conclusion was not clear for the π C=C -π* C=O transition at 288 nm, all of the calculated conformers 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59  60 10 5 ( Figure 1 ). Because the ECD spectrum of 2 presented the same Cotton effects as those encountered for 1, the 4R,5S absolute configuration was assigned for this compound.
Ecotoxicological activities of chromatographic fractions and pure compounds 1 and 2 were evaluated against a marine bioluminescent bacteria (Vibrio fischeri) using a standardized Several studies already reported the antimicrobial/antifungal activities of A. taxiformis extracts from medium to low polarity fractions, evidencing a large range of biological activities.
32-37
However, biological assays using single compounds from the genus remain scarce. 22, [38] [39] The release of brominated metabolites involved in the control of epiphytic bacterial communities has been reported from A. armata and Bonnemaisonia asparagoides. [39] [40] Antibacterial and quorum sensing inhibition activities of MeOH extracts of A. taxiformis have also been demonstrated. 41 The high toxicities exhibited by the methanolic fraction and compounds 1 and 2 of A. taxiformis against a bacterial marine pathogen may be considered as a real advantage for the species.
Although their release in the environment has not been demonstrated, we might anticipate their potential role in the interaction of this species with other micro-and/or macro-organisms.
At the same time, we decided to assess the pharmaceutical potential of these compounds, Ecotoxicological Assays. Microtox (Microbics) is a standardized ecotoxicological bioassay that measures the toxic effect of compounds/extracts on bioluminescent marine bacteria, Vibrio fischeri (NRRL B-11177 strain). 43 Tests were carried out to evaluate the toxicity of A1 to B5
fractions, as well as those of pure compounds 1 and 2. Fractions were made up to an initial concentration of 1000 or 2000 µg.mL -1 (500 µg.mL -1 for pure compounds) using artificial seawater containing 2% acetone to assist compound dissolution. Concentrations tested were 45, 22.5, 11.25 and 5.625% of the initial concentrations after 15 min of bacteria exposure to toxins.
Samples were diluted when necessary to fit apparatus recommendations. Toxicities, given as conventional gammas from Microtox, are measured as (I 0 / I t ) -1 where I 0 and I t are the intensity of the bioluminescences before and after exposure time, respectively. A linear relationship is obtained when plotting the log of gamma against the log of the tested concentrations, and permit the direct determination of an EC 50 value (equivalent to a gamma of 1) representing the concentration of fractions (or compounds) that reduces the initial bioluminescence to 50%.
However, because extract concentrations (and consecutive EC 50 ) are expressed as µg of extracts.mL -1 of solution independent of extraction yields, comparisons between samples/species were difficult. So, new regression curves were generated replacing original concentrations (µg extracts.mL -1 ) by modified ones (mg DM alga.mL -1 of solution) as described:
Concentrations (mg DM alga.mL -1 ) = concentration of extract (µg.mL -1 ). dry mass of initial sample (mg) / dry mass of fraction (µg).
16
Using modified concentrations, mathematical relationships were generated using Statgraphics 
Calculations.
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ECD calculations were performed at 298 K using the Gaussian03 program package. 47 The Density Functional Theory (DFT) was used to scan the potential energy surface at the B3LYP/6-311G* level to identify the most stable conformers. TDDFT was employed to calculate excitation energy (in eV) and rotatory strength R in dipole velocity (R vel ) and dipole length (R len ) forms. The calculated rotatory strengths were simulated in ECD curve by using the software package SpecDis. 
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